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The cytosolic glutathione s-transferases (GSTs) constitute a family of 
dimeric multifunctional proteins, which play an important role in detoxication 
by catalysing the conjugation of glutathione to electrophilic centre in organic 
. ’ . . - . . • ‘ • - —二 - - . - ； - ： " " ‘ • . 
compounds. The glutathione conjugates so-formed are rendered more 
water-soluble, thus facilitating their eventual elimination. Glutathione 
s-transferases also play a role in preventing oxygen toxicity due to their 
activity towards organic hydroperoxides. 
Ghironomidae are believed to be one of the most widely distributed and 
abundant groups of insects in fresh water. They are found in both terrestrial 
and marine environments. They can adapt to a wide range of gradients of 
temperature, pH, oxygen concentration， salinity, altitude and latitude; 
moreover they can tolerate highly polluted environments. It would be 
interesting to find out how chironomidae can adapt to adverse conditions 
through studies of their GST functions. The common chironomus spp. larvae 
(red bloodworm) which can be cultured from chicken manure will provide a 
model for ou「study. 
Through a series of chromatographic methods including size exclusion, 
affinity and anion exchange chromatography, at least nine GST isoenzymes 
were present in red bloodworm (chironomidae larvae). The 
I I 
i chromatographic procedure yielded five pure and one mixture of proteins with s 
！ 
GST activity using GSH and CDNB as substrate, named according to their 
J 
ii 
elution order as rbGST I to V and rbGST 已 respectively. Under SDS-PAGE 
analysis, all the rbGST isoenzymes have subunit molecular mass around 23 
kDa. With the use of cross-linker, molecular mass observed in SDS-PAGE 
was doubled. This showed rbGSTs were dimeric protein. All rbGSTs were 
acidic protein because on isoelectric focusing，, all protein showed pi smafler … 
than 5.1. 
Optimum pH, thermostability, Km, Vmax and substrate specificity of 
rbGSTs were determined. The rbGSTs also displayed glutathione peroxidase 
activity using cumene hydroperoxide as substrate. N-terminal amino acid 
sequence analysis suggested that rbGST II，IV and V belonged to the same 
insect class 2 GST and fell in mammalian Sigma class GST. 
To conclude, red bloodworm expressed multiple GST isoforms with 
broad and overlapping substrate activity. rbGSTs also displayed glutathione 
peroxidase activity. Thus, GSTs acts as an important enzyme in protecting 
red bloodworm from toxic metabolites, xenobiotics and oxidative stress. 
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ABBREVIATIONS 
1,2-Dichloro-4-nitrobenzene DCNB 
1 -Chloro-2,4-dinitrobenzene CDNB 
4-Nitropyridine-N-oxide NPNO 
Bovine Serum Albumin BSA 
Dithiothreitol DTT 
Ethacrynic Acid EA 
Ethyienediaminetetraacetic Acid EDTA 
Fast Protein Liquid Chromatography FPLC 
Glutahtione Peroxidase GSH-Px 
Glutathione S-Transferase GST 
Glutathione GSH 
Isoelectric Focusing 丨EF 
Isoelectric Point pi 
N,N,N',N'-Tetramethylethylenediamine TEMED 
Nicotinamide Adenine Dinucleotide Phosphate NADPH 
Phenylmethylsulfonylfluoride PMSF 
p-Nitrobenzyl Chloride NBC 
p-Nitrophenethyl Bromide NPB 
Polyacrylamide Gel Electrophoresis PAGE 
Polyvinylidene Difluoride PVDF 
Redbloodworm Glutathione S-Transferase rbGST 
Sodium Dodecyl Sulphate SDS 
v i 
Trichloroacetic Acid 丁CA 
Trifluoroacetic Acid TFA 
Trizma base Tris 
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Introduction 
Chapter one Introduction 
1,1 Glutathione S-Transferase 
•. -
, - . - - - -
1.1.1 Introduction 
Glutathione S-transferases (GSTs) (EC 2.5.1.18) are a family of multi-
functional enzymes involved in the cellular detoxification and excretion of 
i, many physiological and xenobiotic substances. They catalyze the 
nucleophilic addition of the thiol of the reduced glutathione (丫-glutamyl-
5： cysteinly-glycine) to electrophilic centre in organic compounds. The 
glutathione conjugates so-formed are rendered more water-soluble, thus 
facilitating their eventual elimination. This reaction is one of the early steps 
along the mercapturic acid pathway in which hydrophobic xenobiotic are 
inactivated and eliminated from the organism (Habig et al. 1974). An ATP-
dependent efflux pump that mediates the export of glutathione conjugates 
from cells has recently been described (Hayes and Wolf, 1990; Ishikawa, 
1992). 
1.1.2 Classification of mammalian GST 
The genes encoding the subunits of mammalian GSTs have been 
classified into six groups. Five of which code for the cytosolic subunits, 
alpha, mu, pi, sigma and theta while the sixth group codes for a microsomal 
I subunit (Mannervik et al” 1992; Daniel, t993; Meyer and Tomas, 1995; 
2 
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Jakobsson et al., 1997). Classification was based on substrate and inhibitor 
specificities, antibody cross-reactivity and primary structures (Mannervik et al. 
1985; Meyer et al. 1991). Recently an enzyme involved in the synthesis of 
leukotrienes, human leukotriene C4 synthase, has been identified as 
belonging to a new class of GSTs (Nicholson et al.,： 1993)；; 
The cytosolic GSTs exist as either homo- or hetero-dimeric forms due to 
multiple genes and monomer hybridization. Heterodimers have not been 
identified between molecules of different classes. The often-observed 
heterogeneity of GSTs may be further complicated by covalent post-
translational modifications such as glycosylation (Kumich et al., 1991). 
Members within any class exhibit similar monomer sizes (about 24 to 28 kDa), 
share high amino-acid sequence identity (typically 60 to 80%) and have 
distinctive but overlapping substrate specificities. 
r . ！ 
i. 
Cytosolic GSTs have been most extensively studied in human, rat and 
1. 
mouse tissues where they are most abundant. In human liver they comprise 
about 5% of the total cytosolic protein. The pi-class enzyme is the most 
f 
r 
widely distributed isoenzyme and usually the most abundant (Suzuki et al” 
1987). The expression of different isoenzymes is highly tissue-specific. For 
example, the alpha class enzyme is the major isoenzyme in the human liver 
？: 
I' 
and kidney, whereas the pi-class enzyme is predominant in placenta, 









Squid lens proteins have been identified as GSTs although they probably 
fulfil a purely structural role as lens crystallins (Tomarev and Zinovieva, 1988; 
Doolittle, 1988). Buetler and Easton (1992) have proposed that the lens 
GSTs be grouped into a Sigma class. Later, Xinhua Ji et al. (1995) found 
that glutathione transferase from squid digestive gland is unique in its very — 
high catalytic activity toward 1 -chloro-2,4-dinitrobenzene and in its ancestral 
relationship to the genes encoding the S-crystallins of the lens of cephalopod 
eye. Meyer and Thomas (1995) also reported a sigma class GST in rat 
spleen. 
It has been proposed that Theta-class GSTs may have been evolutionary 
forerunner of the sigma, alpha, mu and pi class enzymes (Figure 1.1) based 
on the apparent distribution of the former in a diverse range of organisms 
(Pemble and Taylor, 1992; Buetler and Eaton, 1992). The other GST classes 
would have arisen by duplication of the Theta gene allowing organisms to 
adapt to various toxic stresses during the course of evolution. 
GSTs appear to be fairly ubiquitous amongst aerobic organisms. They 
have also been purified from plants (Mozer et al., 1983)，fish (Ramage and 
Nimmo, 1983), insects (Cochrane et al., 1987; Clark et al., 1986)，fungi 
； (Cohen et al., t986), yeast (Tamaki et al., 1989) and more recently, bacteria 
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Figure 1.1 Proposed evolutionary scheme for different classes glutathione 
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Figure 1.2 Structures of different class of GSTs. (Irmgard et al., 1992) 
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1.1.3 Classification of insect GST 
In insects, GSTs exist as dimeric proteins, but thei「structures are poorly 
documented and often appear contradictory. Insects GSTs have been 
identified, although not as well characterized as the mammalian proteins. 
Multiple forms of these e n z y m e s have been reported ;卷 
(Motoyama and Dauterman, 1978; Clark and Dauterman, 1982; Clark and 
Shamaan, 1984; Clark et ai.. 1984; wang et al.，1991; Fournier et al.，1992), 
grass grub (Clark et al., 1985) and Drosophila (Cochrane et al., 1987; Toung 
et al., 1990). There are at least three forms present in the mosquito, Aedes 
aegypti (Grant and Matsumura, 1989; Grant et al., 1991) and two forms in the 
sheep blowfly (Kotze and Rose, 1989). Seven forms of GST have been 
partially purified from An. Gambiae (Prapanthadara et al.，1993) (Table 1.1). 
On the basis of sequence comparisons, insect GSTs have been classified 
as belonging to the class theta family (Pemble and Taylor, 1992; Meyer et al., 
1991). However, insect GSTs have been divided into two major groups, 
GST1 and GST2 (Grant and Matsumura, 1989; Fournier et al., 1992; Snyder 
et al., 1995; Franciosa and Berge, 1995) and GST1 is serologically distinct 
from GST2. Within each group, amino add sequence identity can be as high 
as 97%, whereas amino acid sequence identities between groups range from • 
10 to 24% (Tabfe 1.2). : - ， 
- -- -
' " ' • “‘ -： -.a/ 
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The members of GST1 have higher identities with the theta and alpha 
classes of mammalian GSTs, whereas the GST2 members are closer to the 
mu，pi and sigma classes. The activity of insect GSTs has been found to be 
present in the midgut (Tate et al.，1982; Snyder et al., 1995)，fat body (Chien 
and Dauterman, 1991), hemolymph cells and other tissues (Franciosa and 
！ 
I 
Berge, 1995), but more precise sites of GSTs need to be determined. 























Common name Species Sequence Amino add no. Insect Mammalian Reference 
group group 
Lepidoptera 
Spruce budworm Choristoneura fumiferana G/GST 203 2 study 
Silkworm Bombyxmori BmGST 218 1 GenBank, AJ006502 
Tobacco homwom Manducasexta 他 GSTl 217 1 Thela Snyder et al., 1995 
Tobacco homwom Manduca sexta 他 GST2 203 2 Sigma Snyder et al., 1995 
Diamondbackmoth Plutella xyLosiella ？xQSTi 216 1 Theta Huang el al., 1998 
Blattodea 
German cockroach Blattella germanica BgGST 200 2 Arrudaetal., 1997 
Diptera 
Thai malaria mosquito Anopheles dirus /WGSTl-1 209 1 Prapanthadara et al., 1998 
African malaria mosquito Anopheles gambiae AgGST2-l 218 2 Sigma Reiss and James, 1993 
African malaria mosquito Anopheles gambiae AgGSTl-1 140 1 Ranson el al.. 1997a 
African malaria mosquito Anopheles gambiae AgGSTl-2 140 1 Ranson etal., 1997a 
African malaria mosquito Anopheles gambiae AgGSTl-5 209 1 Theta Ranson el al., 1997b 
African malaria mosquito Anopheles gambiae AgGSTl-6 209 1 Theta Ranson etal., 1997b 
Biting midge Culicoides variipennis CvGSTl 219 1 GenBank, U879458 
l.ruklly Dorsophila erecia />GST1-1 200 1 Theta GenBank, P30104 
iTuil lly Dorsophila melanogasier DmGSTl-1 209 1 Thcta Voung cl al., 1990 
l.'ruil tly Dorsophila melanogasier DrnQSi'l 247 2 Sigma Bcall et al., 1992 
iTuit lly Dorsophila melanogasier DmGST27 212 1 Tiling and Tu，1992 
Fruil lly Dorsophita melanogasier DmGSTD21 214 1 Toung cl al., 1993 
iTuil lly Dorsophila melanogasier Z)mGS'rD22 199 1 Toung cl al., 1993 
l-ruil ny Dorsophila melanogasier DmGSTD23 214 1 Toung el al., 1993 
Fruit ny Dorsophila melanogasier DmGSTD24 215 1 Toung et al., 1993 
Fruil Hy Dorsophila melanogasier Dm GSTD25 214 1 Toung et al., 1993 
Fruit ny Dorsophila melanogasier DmGSTD26 170 1 Toung et al., 1993 
Fruil ny Dorsophila sechelUa DseGSTl-l 200 1 Thela GenBank, P30106 
Fniit tly Dorsophila simuLans DiiGSTl-l 200 1 Theta GenBank, P30105 
Fruit ny Dorsophila teissieri DrGSTM 200 1 Theta GenBank, P30107 
Fruit fly Dorsophila yakuba DyGSTl-1 200 1 Theta GenBank, P30108 
GrcenbotUe Qy LucUia cuprina LcGST 208 1 Board et al., 1994 
Sheep blowfly LucUia cuprina IcGSTl-1 208 1 Theta Board et al., 1994 
House fly Musca domesiica WdGST 241 2 Sigma Frandosa and Berge, 1995 
House fly Musca domestica Aft/GSTl 208 1 Theta Foumier et al., 1992 
House Qy Musca domestica MdGSTZ 210 1 Theta Syvanen et al., 1994 
House fly Musca domestica ,WGST3a 210 1 Theta Syvanen et al., 1994 
House fly Musca domestica A/dGST3b 210 1 Zhou and Syvanen, 1997 
House fly Musca domestica MdGSU-S 210 1 Zhoa and Syvanen, 1997 
House fly Musca domestica Af<iGST4 210 1 TTieta Syvanen et al., 1 9 9 4 - -
House fly Musca domestica W^/GSTS 215 1 Zhou and Syvanen, 1997 






1 2 3 4 5 6 7 8 9 10 
~ 4 7 . 8 76.1 91.4 68.8 65.6 57.9 14.8 15.3 13.9 1 adGSTl-1 
49.3 49.8 44.7 46.4 38.3 11.5 13.4 12.9 2 agGSTl-2 
82.3 69.7 68.9 56.9 13.9 15.8 14.8 3 agGSTl-5 
67.5 67.5 57.9 14.4 14.8 14.4 4 agGSTl-6 
84.6 68.3 11.1 14.9 12.5 5 mdGST-1 
69.9 11.0 15.3 11.5 6 dmGST-1 
11.2 14.6 10.7 7 dmGST-21 
33.3 54.1 8 dmGST-2 
38.0 9 Manduca2 
10 agGST2-l 
Insect class I GSTs Insect source [References] 
adGSTl-1 Anopheles dims (This study) 
agGSTl-2, agGSTl-5, agGSTl-6 Anopheles gambiae (ranson et al., 1997a) 
draGST-1 Drosophila melanogaster (Toung et al., 1990) 
dmGST-21 Drosophila melanogaster (Toung et al., 1993) 
dmGST-1 Musca domestica (Fournier et al., 1992) 
Insect class II GSTs 
Manduca2 Manduca sexta (Snyder et al., 1995) 
agGST2-l An. Gambiae (Reiss and James, 1993) 
dmGSt-2 Drosophila melanogaster (Beall et al., 1992) 
Percent idenity was calculated using DNASTAR Ltd (LASERGENE). 
Table 1.2 Comparison of the amino acid sequence of different insect GSTs. 
(Prapanthadara et al. 1998) 
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1.1.4 Substrate specificity 
One of the fascinating aspects of GST enzymology is their ability to 
catalyse reactions towards a large number of structurally diverse substrates. 
Examples include alkyi- and arylhalides, lactones, epoxides, quinones, esters 
and activated alkenes (Mannervik and Danielson, 1988). Although the range 
of substrates that GSTs recognize is broad, they do share the common 
feature of being mostly hydrophobic and bearing an electrophilic centre. 
Initially the nucleophilic attack of GSTs was thought to be directed towards 
elelctrophilic carbon atoms but it was later established that electrophilic 
nitrogen in nitrate ester, sulfur in organic thiocyanates and disulfides, and 
oxygen in organic hydroperoxides could serve as alternative targets. The 
specific activities of GSTs towards certain substrates have proved useful in 
classifying new GSTs. For example, alpha-class GSTs are highly reactive 
towards cumene hydroperoxide, mu-class GSTs have a preference for 
epoxides whilst pi-class GSTs display high reactivity towards ethacrynic acid. 
The cytosolic enzymes have two active sites per dinner which behave 
independently of one another (Danielson and Mannervik, 1985). Each active 
site consists of at least two ligand binding regions; the GSH binding site is 
very specific for glutathione, whereas the binding site for the electrophilic 
substrate (the substrate binding site) is less specific in keeping with the ability 
of GSTs to react with a wide variety of toxic agents. 
V: 




Some GSTs have been shown to have secondary catalytic activities 
including a selenium-independent peroxidase activity with organic 
hydroperoxides (Prohaska, 1980) and steroid isomerization (Benson et al., 
1977). The selenium-independent peroxidase activity of GSTs plays an 
important role in the protection against the toxic products generated during 
oxidative stress and lipid peroxidation. 
In addition to their catalytic activity, GSTs may function as intracellular 
transporters of various non-substrate hydrophobic compounds such as 
bilirubin, heme, steroids, thyroid hormones and bile salts (Mannervik, 1985). 




1.2 The chironomidae 
There are estimated to be as many as 1500 species of chironomid 
worldwide. Members of the family Chironomidae are true flies. They are 
the most widely distributed and frequently the most abundant insects in 
freshwater. Under certain conditions, such as low level of dissolved oxygen, 
larval chironomids may be the only insects present in benthic sediments. 
Extremes of temperature, pH, salinity, depth, current velocity, and productivity 
have been exploited by the immature stages of at least some chironomid 
species. 
Chironomids can live in the glaciated areas of the highest mountains, 
including at elevation of up to 5600m in the Himalaya (Kohshima, 1984; 
Saether and Willassen, 1987) and are active at temperatures of -16°C. 
Larvae of Sergentia live at over 1000m depth in the abyssal of the world's 
deepest body of freshwater, Lake Baikal (Linevich，1963). 
1.2.1 Biology and life history of chironomidae 
The life history of Chironomus spp. has been described by Oliver (1971)， 
and Hill and Cheung (1978)，and the different stages are presented in Fig. 1.3. 
； • 
Chironomidae go through a complete metamorphosis in their life cycle, egg, 
larva, pupa and winged adult midge. Each stage has different characteristics. 
After mating in flight the female releases the eggs while skimming the water 
surface. Egg numbers can range from 50 to 700. The eggs sink to the 





The newly hatched larvae are not more than 1mm long but they can 
measure up to 10-25 mm when they reach the last stage of the larva period. 
The larva stage can last from less than 2 weeks up to 7 weeks depending on 
temperature. Each larva moults four times before it reaches the pupal stage. 
This stage of the chironomid forms a large part of a fish's natural diet as they 
leave the larval tube and actively swim to the surface of the water. Those 
that reach the surface emerge into flying adults after a few hour and 
immediately fly off to mate, living for 3 to 5 days. The adults do not feed 
during their existence and mating normally occurs during the night. The 
entire life cycle can be completed in 2 weeks, although it is common for the 
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5 Figure 1.3 Life history of Chironomus. 
i 
， A, Male adult; B，female adult; C, eggs; D, larvae; E, pupa. The bars 
B 














1.3 Chironomidae larvae 
1.3.1 Bloodworm 
Chironomidae larvae with common name bloodworms are larvae of the 
non-biting midges of the Family Chironomidae (Order Diptera, Class Insecta). 
Midges are mosquito-like insects. There may be more than 2000 species 
but only a small number have been formerly identified. In Singapore over 
fifty species have been recorded (Letha, 1969). 
Not all the chironomid larvae are red in color. While the most common 
ones are red, they can also green, brown, black and others are whitish and 
only those that contain haemoglobin are red and hence their name 
bloodworm. 
The chironomid larvae and pupae are highly nutritious and nourishing 
and constitute one of the staple food items in ration of many fishes in the 
natural environment. The important of chironomid larvae as live food for 
tropical fish culture is well known in the Asean countries. Chemical analysis 
shows that bloodworms contain 9.3% dry matter and of this there is 62.5% 
crude protein, 10.4% crude fat and 11.6% ash with 15.4% nitrogen free 




1.3.2 Sources of chironomidae larvae 
Midge larvae can be found in all waters with muddy bottom. They occur 
in great numbers in ponds, swamps, and streams. Natural breeding sites for 
chironomid midges are diminishing due to urbanization, land cleaning and 
other changes too much of the natural environment. However, they are 
abundant in drainage ditches from breweries, distilleries, sugar refineries, 
I wastewater channels sewage treatment and settlement ponds, and other 
i , 
s man-made water systems. 
I g 
I The larvae leave their self-made tubes only at night when the dissolved 
1 oxygen at the bottom of water is low, and this is the best time to catch them in 
large numbers. They can be caught easily using nylon net. Bloodworms 
I can also be obtained by sieving the mud on the spot. The larvae and the 
I coarse particles of detritus will remain in the sieving and then shaken into a 
I bucket filled with water. After a while the larvae will swim to the surface 
I where they can be fished out with a net. 
I 
I 
I Attempts to propagate bloodworms have been carried out in many 
I countries without much success. The major problem is the Inability to Induce 
swarming and mating of the chironomid midges In captivity. However, there _ 
I is now some successful cultivation of bloodworms in Southeast Asia. 
I 
1 
i tn Hong Kong and China, chironomid larvae are grown on chicken 
I 





I - 、 
Introduction 
live food for aquarium fish and carnivorous fish fry in fish culture. Since large 
quantities of chicken manure were produced daily, therefore the highly 
profitable chironomid farming is common in Hong Kong and China. For the 
above reason, chironomid larvae with common name red bloodworm are 
easily obtained from local market in fresh. The red bloodworms (Fig. 1.4) are 
red in color and about 1cm long. 
Red bloodworm is chosen in the research as larvae are actively feeding 
which have the potential to ingest contaminating toxic chemicals along with 
the diet and therefore would expect that these stage contain a higher level of 
detoxifying enzymes (Feng et al., 1999). 
1.4 Aim of research 
In my research, GSTs were purified from Chironomidae since GST has 
been linked to detoxifying toxic chemicals. Red bloodworms, the larvae 
stage of Chironomidae, were used to prepare pure GSTs because larvae are 
actively feeding thus having the potential to ingest toxic chemicals along with 
its diet. The objective of my research is to investigate the biochemical 
[ 
properties of GST in Chironomidae and to understand its ability to adapt the 
adverse living condition by isolating and characterizing the GST in 
j.： 
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Chapter two. Materials and Methods 
2.1 Screening of GST in different subcellular fractions 
Unless stated otherwise, all the procedures were carried out at 4°C. 
GST activity was measured as described in section 2.2. 
2.1.1 Preparation of mitochondria 
Red bloodworms purchased from local market were washed with distill 
water. The red bloodworm were homogenized by homogenizer (KIKA 
Labortechnik) in 1.15% potassium chloride (USB) solution containing 1mM 
ethylenediaminetetraacetic acid (EDTA) and phenylmethylsulfonylfluorlde 
(PMSF) (Sigma Chemical co.)- The homogenate was then centrifuged by 
Hitachi Himac CR21 High-speed centrifuge at 1000g for 10 min. 
Supernatant was filtered through a piece of double cheesecloth. 
Mitochondria fraction was obtained by centrifugation of the supernatant at 
20,000 g for 30 min. The mitochondria were spun down twice by 
centrifugation. Solubilization of mitochondria was done by mixing it with 
5mM digitonin (Sigma Chemical co.) for 30 min. 
I - ^  
!• i “ 
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2.1.2 Preparation of microsomes 
The red bloodworms homogenate was subjected to centrifugation at 
2,7000 g for 20 min to obtain the postmitochondrial fraction. Microsomal 
fraction was obtained by centrifugation of the postmitochondrial fraction at 
105,000 g by Beckman L7-55 Ultracentrifuge for 60 min. The resultant 
microsomal pellet was suspended in 0.15M Tris-HCI (Sigma Chemical co.) 
buffer (pH 8.0) and isolated twice by centrifugation to remove cytosolic 
contamination. Microsomes were resuspended in 0.05M potassium 
phosphate buffer (pH 7.4) containing 0.3M EDTA and 0.25M sucrose (Sigma 
Chemical co.). 
Microsomes were activiated by adding A/-ethylmaleimide in 10mM 
• potassium phosphate buffer (pH 7.0) dropwise to give a final concentration of 
！ 1 mM with gentle stirring at 4°C over the course of 5 min. After an additional 2 
I min, 0.1 M glutathione (GSH), adjusted to pH 7.0 with KOH, was also added to 
t 
‘ the incubation mixture to a final concentration of 1mM. The suspension was 
'l 
I then gently stirred for 5 min. 
I 
‘ 2.1.3 Preparation of cytosol 
• ^ 
應 The red bloodworm homogenate was subjected to centrifugation at : 
I 2,7000 g for 20 min to obtain the postmitochondrial fraction. Cytosolic 
I fraction was obtained by centrifugation of the postmitochondrial fraction at 
m 
• 105,000 g for 60 min. The supernatant collected was filtered through a piece 
I of glass wool to remove fat. 芬 
m -
m 
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2.2 Assay for GST activity 
GST activity was determined by the method of Habig et al. (1974). The 
enzyme activity was assayed with GSH and 1 -chloro-2,4-dinitrobenzene 
(CDNB) (Sigma Chemical co.). The reaction mixture contained 0.1 M 
potassiym phosphate buffer (pH 6.5), 1mM GSH, 1mM CDNB and enzyme. 
The reaction was monitored at 25°C by the increase in absorbance at 340 nm 
with Beckman DU 650 spectrophotometer. The change in abosorbance was 
a result of synthesis of S-(2,4-dinitorphenyl)glutathione from GSH and CDNB. 
2.2.1 Activity Units 
One unit of activity was defined as the amount of enzymes catalyzing the 
formation of one fimoie of product per min under the condition of the specific 
assay. Specific activity was defined as the units of enzyme activity per mg of 
protein 
2.3 Protein assay 
Protein was measured by the dye-binding assay method (Bradford M. 
1976) using Bio-Rad protein assay reagent. Bovine serum albumin (BSA) 
(Sigma Chemical co.) was used as the standard. The standard and samples 
solution were mixed with protein assay dye reagent concentrate. The 
mixture was then incubated at room temperature for 5 min with its absorbance — 
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Figure 2.1 Protein standard curve. Protein content was measured by 
Bradford method using BSA as standard. 
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2.4 Preparation of glutathione-affinity column 
4 g Epoxy-activated Sepharose 6已（Amersham Pharmacia Biotech.) was 
washed with 500 ml water. The gel was then washed with 40 ml of 44 mM 
phosphate buffer, pH 7.0，prepared by mixing 8 ml of 0.2M KH2PO4 and 28 ml 
of 0.1 M NagHPO* per 100 ml solution. The gel was then transferred to a 50 ml 
flask in which the volume was adjusted to 20 ml with the same phosphate 
buffer. N2 gas was passed through the flask and suspension for 5 min; 4 ml 
GSH solution (400 mg GSH in 4 ml water, adjusted to pH 7 with KOH) was 
added to the gel suspension. Coupling was allowed to proceed for 24 hr at 
37°C with gentle shaking. The coupled gel was washed with 100ml water， 
and the remaining active groups were blocked by allowing the gel to stand in 1 
M ethanolamine (Sigma Chemical co.) for 4 hr The gel was then washed 
alternatively with 100 ml each of 0.5M KCI in 0.1 M sodium acetate, pH 4.0, 
0.5M KCI in 0.1 M sodium borate, pH 8.0 (Sigma Chemical co.) for two cycles 
and starting buffer for the column, 
25 
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2.5 Purification of cytosolic GSTs 
Unless stated otherwise, all the purification and related procedures, 
including concentration and centrifugation, were carried out at 4°C. 
2.5.1 Preparation of cytosol 
Cytosolic fraction was prepared as described in section 2.1.3. The 
cytosolic fractions were subjected to dialysis against 10mM Tris-HCI pH 7.8 
overnight. 
2.5.2 Chromatography on Sephadex G25 
Sephadex G25 (Sigma Chemical co.) was preequilibrated with 10mM 
I 
Tris-HCI pH 7.8 overnight. The cytosolic fraction was applied to the 
Sephadex G-25 column (2.5 cm X 20 cm) and eluted with 10mM Tris-HCI pH 
7.8. GST activity was monitored with GSH and CDNB. The active fractions 
； were pooled. 
2.5.3 Affinity Chromatography 
The pooled active fractions were applied on a glutathione-affinity column 
(2.5 cm X 10 cm) which pre-equilibrated with 10mM Tris-HCI pH7.8. 
Nonspecifically adsorbed protein was eluted with 0.2 M NaCI In the same 
• •• i ‘ 
buffer 
m 
2.5.3.1 Specific elution of GSTs …：二 
I According to Sim et al. (1993), GSTs that contained subunit 4 could be 
• : 」 
! 
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pre-eluted with 10 mM, GSH in 50 mM Tris-HCI pH' 7.0. Therefore, GSTs 
were first eluted with 10 mM GSH in 50 mM Tris-HCI pH 7.0 followed, by 10 
mM GSH in 50 mM Tris-HCI pH 9.6. 
2.5.3.2 Non-specific elution of GSTs 
All GSTs were directly eluted with 10mM glutathione dissolved in 50 mM 
Tris-HCI pH 9.6. The active fractions were pooled and reconcentrated by 
ultrafiltration under nitrogen using amicon ultrafiltration unit fitted with PM10 
membrane of 10kDa molecular weight cutoff. The concentrated GSTs were 
dialysed against 1 OmM Tris-HCI, pH 7.8. 
2.5.4 Fast Protein Liquid Chromatography with a Mono-Q 
Different isoforms of GSTs were separated by fast protein liquid 
chromatography (FPLC) (Amersham Pharmacia Biotech.). Aliquot of 
concentrated sample from GSH-affinity column was applied to a Mono-Q HR 
5/5 column (Amersham Pharmacia Biotech.) pre-equilibrated with 10 mM 
Tris-HCI, pH 7.8. After washing with 5 column volumes (CV) of the same 
buffer, the enzymes were eluted with a linear salt gradient in the same buffer. 
Fractions were collected in 1-ml fraction. To obtain pure fractions without 
contamination of other isoforms, different peaks were subject to 
rechromatgraph again by Mono-Q corumn. The pure fractions were coU-ected 
and dialysed against phosphate buffer (to mM), pH 7.0, with 1mM 
dithiothreitol (OTT). The purity of the enzymes was checked by SOS-PAGE. 
27 
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Cvtosolic fraction 
Sephadex G25 chromatography 
Fractions with GST activity 
Affinity chromatography on 
Glutathione affinity gel 
Unadsorbed fraction Adsorbed fraction 
Wash with 0.2M NaCI 
Unadsorbed fraction Adsorbed fraction 
Anion exchange 
chromatography on mono-Q 
Peaks with GST activity 
Rechromatography on mono-Q 
I 
Figure 2.2 Purification scheme of GST from Chironomidae larvae. 
] • 
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2.6 Determination of molecular mass 
I 
2.6.1 Subunit molecular mass 
1:. 
Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis (SDS-
PAGE) was applied to determine the subunit moleular mass of GSTs. 
Protein samples were mixed with sample Loading Buffer (62.5mM Tris-HCI, 
pH 6.8，20% Glycerol (USB), 2% SDS, 5% p-Mercaptoethanol, 0.025% 
tracking dye bromophemol blue(Sigma Chemical co.)) in a 1:1 ration and 
denatured by heat at 90°C for 5 min. 
Electrophoresis was performed with BioRad Mini-Protean® II system 
(Bio-Rad Laboratories) using the Laemmli's buffer system (Laemmli, 1970). 
0.75mm thick gel, 12% separating gel and 4% stacking gel was used. 
Electrophoresis was performed at a constant voltage (100V) until the 
bromophenol blue tracking dye ran near the bottom of the gel. 
After electrophoresis, the gel was fixed and stained with 0.1 % Coomassie 
Brilliant Blue R-250 in 10% acetic acid, 40% methanol for 2 hr with gentle 
shaking, followed by destaining in 10% acetic acid, 40% methanol until the 
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Figure 2.3 Calibration curve of SDS-PAGE of protein standards. 
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The calibration curve for SDS-PAGE (figure 2.3) was obtained by plotting the 
Rf values against log molecular weight. Rf was the ratio of the distance a 
protein has migrated from the origin to a distance from the origin to a 
reference point. 
2.6.2 Native molecular mass 
According to Gregg E. D. and George R. S. (1970), dimethyl 
suberimidate, a cross-linking reagent, can be used to study the subunit 
structure of oligomeric proteins. Reactions were done in 0.2M 
triethanolamine hydrochloride, pH 8.5. Dimethyl suberimidate and protein 
i 
solution were mixed to give 0.02 - 0.1 mg/ml of protein and 3 mg/ml of 
I dimethyl suberimidate in a volume of 50-500 ul, and the reaction mixture was 





I The cross-linked GSTs were subject to SDS-PAGE as described in 
I 
I section 2.6.1 except that those samples were denatured at 65°C for 1 h before 
electrophoresis. 
2.7 Isoelectric focusing PAGE (lEF-PAGE) 
Isoelectric focusing was applied to determine the isoelectric point of the 
- - . _ _ _ _ : 二 ： . . 
protein. The procedure was performed as described by Robertson E:F. et af. 
(1987). Protein standards and samples were mixed with an equal volume of ， 
60% (v/v) glycerol and 4% (v/v) ampholyte of the same pH range used to 
prepare the gel. 
i ' - - •“ 
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The gel were cast 1.5 mm thick from the following mixture: 17% (v/v) 
acrylamide mixture (30% (w/v) acrylamide, 1% (w/v) bis-acrylamide), 10% (v/v) 
glycerol, and 5% (v/v) ampholyte (pH range 3-5) (Amersham Pharmacia 
Biotech.). These components were mixed，and then 50 fxl 10% (w/v) 
ammonium persulfate (AP) and 20 …N,N,N',N'-Tetramethylethylenediamine 
(TEMED) (Amersham Pharmacia Biotech.) were added. Gels were cast 
with a 10-well comb in place and allowed to polymerize for 1 h. 
The cathode solution was 25 mM NaOH and the anode solution was 
20mM acetic acid. These solutions were cooled to 4。C prior to 
electrophoresis. After polymerization the wells were rinsed with water and 
then filled with the cathode solution. Electrophoresis was performed at room 
temperature for 1.5 h at 200 V constant voltage, then increased to 400 V 
constant voltage for an additional 1.5 h. 
After electrophoresis, the gel was fixed in 20 % trichloroacetic acid (TCA) 
1. 
for 10 min with three changes. Ampholyte was removed by shaking overnight 
i 
with distilled water before Coomassie Blue staining and destaing as 
describied in section 2.6.3. The calibration curve for lEF-PAGE (figure 2.4) 
was constructed by plotting the distance of protein that has migrated from a 
reference point against pH. 
r: 
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Figure 2.4 Calibration curve of lEF with pi standards. 
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2.8 Enzyme activities and kinetic studies 
2.8.1 Optimum pH 
Effect of pH on different rbGSTs were determined by using the following 
buffers (lOOmM) at the indicated pH: citrate-sodium phosphate buffer, from 
5.0 to 6.0; potassium phosphate buffer, from 6.0 to 7.5; Tris-HCI buffer，from 
7.5 to 9.5; carbonate-bicarbonate buffer, from 9.5 to 10.5. Assays were 
conducted at 25°C in the presence of 1mM GSH and CDNB. A complete 
assay mixture without enzyme was used as a control. 
2.8.2 Heat inactivation assay 
The enzyme was incubated at each temperature for 10 min in 20 mM 
potassium phosphate buffer (pH7_0) containing 10 mM DTT and 10mM EDTA, 
in order to prevent the oxidative inactivation. The remaining activitiy was 
assayed in lOOmM potassium phosphate buffer (pH 7.5) with 1mM GSH and 
1mM CDNBat30°C. 
2.8.3 Km and Vmax 
The kinetic values of GSTs for GSH and CDNB were determined by the 
following procedure. The concentration of GSH (0.25，0.5，1.0, 2.0, 4.0 and 
5.0 mM) or CDNB (0.1, 0.2，0.5, 1.0, 1.5 and 2.0 mM) was varied while the 
concentration of the other substrate was fixed at 1.0 mM. The assay was 
conducted in 0.1 M potassium phosphate buffer pH 7.5 at 25 Km and Vmax 
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2.8.4 Substrate specificity 
The enzymatic activities were assayed toward CDNB, 1,2-dichloro-4-
nitrobenzene (DCNB), 4-nitropyridine-N-oxide (NPNO), p-nitrophenethyl 
bromide (NPB)，p-nitrobenzyl chloride (NBC) and ethacrynic acid (EA) as 
described by Habig et al. (1974). Enzyme activities with aromatic substrates 
were determined by monitoring changes in absorbance. A complete assay 
mixture without enzyme was used as a control. 
Assays was conducted at 37。C in 0.1 M potassium phosphate (pH 7.5). 
The enzyme was preincubated for 2 min at 37。C before assay. The 
concentration of GSH was 5 mM, except in the system with ethacrynic acid 
(0.25 mM GSH) and with 1 -chloro-2,4-dinitrobenzene (CDNB) (1 mM GSH). 
Either high absorbance or low solubility limited the concentration of the 
specific substrates listed in Table 2.1. The wavelength used was the 
maximum in a difference spectrum between the starting assay mixture and 
the assay mixture after complete enzymatic conversion to the product. 
Substrates of limited water solubility were prepared in ethanol; the final 
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Substrate I [Substrate] h m a x l A e 
mM nm mM'^ cm""' 
1,2-Dichloro-4-nitrobenzene 1.0 345 8.5 
1 -chloro-2,4-dinitrobenzene ^ 1.0 340 9.6 
4-Nitropyridine-N-oxide 0.2 295 7.0 
p-Nitropenethyl bromide 0.1 310 1.2 
p-Nitrobenzyl chloride 1.0 310 1.9 
Ethacrynic acid ^ 0.2 270 5.0 
a: At a GSH concentration of 1 mM. 
b: At a GSH concentration of 0.25 mM. 
Table 2,1 Conditions for substrate specificity enyme assay in 0.1 M 
potassium phosphate pH 7.5 and 5 mM GSH at 37。C. 
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Figure 2.5 Structure of different substrates for glutathione s-transferase: 
1， 1，2-dichloro-4-nitrobenzene (DCNB); 2， 1-chloro-2,4-
dinitrobenzene (CDNB); 3，4-Nitropyridine-N-oxide (NPNO); 4， 
p-Nitropenethyl bromide (NPB); 5, p-Nitrobenzyl chloride (NBC). 
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2.8.5 Glutathione peroxidase activity 
Glutathione peroxidase (GSH-Px) activity of GSTs was measured by 
continous monitoring of GSSG formation (Leopold and Wolfgang, 1984). An 
excess of glutathione reductase (Sigma Chemical co.) activity instantly 
provides a constant level of GSH and continuously reduces GSSG formed 
during glutathione peroxidase reaction. The concomitant oxidation of 
Nicotinamide Adenine Dinucleotide Phosphate (NADPH) (Sigma Chemical 
CO.) was monitored photometrically. 
The phosphate buffer (0.1M), pH 7.0，0.24 U GSH reductase, 1mM GSH 
and enzymes were preincubated for 10 min at 37°C. Thereafter, 100 jLiI 1.5 
mM NADPH in 0.1 % NaHCO] was added and the hydroperoxide-independent 
consumption of NADPH was monitored for about 3 min. The overall reaction 
was started by addition of 100 i^ il of pre-warmed 12 mM cumene 
hydroperoxide (CuHOOH) (Sigma Chemical co.) solution and the decrease in 
absorption at 340 门m was monitored for about 5 min. The 门o门enzymatic 
reaction rate was correspondingly assessed by replacing the enzyme sample 
by buffer. 
‘ - . - • • � • • v.. .---,•»’ 
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2.9 N-terminal amino acid sequence analysis 
2.9.1 Semidry electroblotting 
Samples for N-terminal amino acid sequecing were first transferred from 
SDS-PAGE to polyvinylidene difluoride (PVDF) (Millipore) membranes by 
using BioRad Trans-Blot SD semi-dry transfer cell. After electrophoresis, the 
gel was rinsed with distilled water and soaked in E-blot buffer (25mM Tris-HCI, 
192mM glycine, pH 8.3) for 5 min. One sheet of PVDF membrane and four 
sheets of Whatman 3MM chromatography paper were cut to the same size as 
the gel. The PVDF membrane was wetted for 1-2 sec in 100% methanol and 
then allowed to submerge in transfer buffer. The Whatman 3MM 
chromatography papers were soaked in E-blot buffer for 5 min. 
The transfer sandwich was set as follows: first, two sheets of 
chromatography papers were laid on the platinum bottom (anode), then the 
PVDF membrane and the gel. Finally, the last two chromatography papers 
was covered on the top of the gel and all the bubbles from the sandwich were 
scribed out simply with a test tube. The upper electrode (cathode) was then 
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2.9.2 Staining of proteins on PVDF membrane 
According to Gunnar et al. (1997)，visualization of protein in PVDF 
membrane can be done without using orgaince solvent. After blotting, 
membrane was pre-biocked by incubation with 1% polyethylene glycol (USB) 
for 30 min and then stained with 0.01% Coomassie Brilliant Blue in water for 
1 0 - 2 0 min. The membrane was subjected to destaining for three change, 
30 min each, with the same solution used for pre-blocking. The membrane 
was washed with 1M NaCI for another 30 min and changed to water for 
another 30 min. The protein band was cut out and stored at 4°C. 
2.9.3 N-terminal amino acid sequence analysis 
The Edman degradation principle was employed for the N-terminal amino 
acid sequence analysis that involves a series of chemical reactions which 
sequentially remove N-terminal amino acids from the protein. The amino acid 
sequence analysis was carried out with HP G100A Edman degradation unit 
an HP1090 HPLC system. 
2.9.4 On-membrane deblocking of protein 
N-terminal amino acid sequence of proteins with a blocking group at the 
N-terminus cannot be determined by the sequencer. Thus, deblocking of the 
N-terminal amino acid was done before the sequence analysis. 
Trifluoracetic acid (TFA) (Sigma Chemicaf co.) was used to deblock acetyl 
modification of N-terminal as it was the most prevalent blocking groups 
identified so far fTsunasawas, S. and Hirano, H., 1993). 
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Deblocking of protein with N-aceytlated protein was performed as 
described by Hisashi et al. (1997). N-terminal blocked protein was 
separated by SDS-PAGE and elelctrobloted on a PVDF membrane. Portion 
of the PVDF membrane carrying the protein band was cut out and placed in 
an Eppendorf tube. The Eppendorf tube was put into a bigger vial and then 
100-300 丁FA was added. The vial was then purged with nitrogen gas for 
30s. The vial was sealed and incubated at 60°C for 30 min. Membrane was 
air dried and subjected to sequence. 
2.9.5 BLAST search 
Protein sequence was used to match sequences producing significant 
alignments with non-redundant SwissProt sequences database by 已LAST 
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Chapter Three. Results 
3.1 Screening of GST in different subcellular fractions 
GSTs were found in different subcellular fractions. Therefore, the GST 
activity in different subcellular fractions including mitochondrial, microsomal 
and cytosolic of red bloodworm were tested. 
From the result shown in table 3.1.1, there were no detectable GST 
activity found at both mitochondrial and microsomal fractions. Thus 
solubilization of mitochondria! fraction and activation of microsomal fraction 
were carried out. This would increase the GST activity. There was no 
detectable GST activity in those fractions. 
Even solubilization and activation were done, there was still no 
detectable GST activity in both mitochondrial and microsomal fractions. 
Therefore, we conclude that no significant level of GST was present in such 
subcellular fractions. 
On the other hand, GST activity was detected in the cytosolic fractions 
with specific activity 0.1269 lamol/min/mg. 
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Mitochondria Microsomes Cytosol 
souibilized activated 
GST activity (mnol/min) n.d. r T d K d . 2.4312±0.237 
GST activity (Rmol/min/mg) n.d n.d. n.d. n.d. 0.1269±0.0123 
Table 3.1.1 GST activity of different subcellular fractions. GST activity was 
assayed with 1mM GSH and 1mM CDNB in 0.1M phosphate 
buffer pH 6.5 at 25。C. n.d.: not detectable. 
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3.2 Purification of cytosolic GSTs by chromatography 
Differential centrifugation, sephadex G25 column, affinity 
chromatography and finally mono-Q chromatography were used to purify 
I'i 
cytosolic GSTs from red bloodworms. GSTs activities were monitored after 
each step by method described in section 2.2. 
3.2.1 Sephadex G25 column 
All red bloodworm GSTs (rbGSTs) were eluted from sephadex G25 
column (Figure 3.2.1) in a single peak. No residual GST was detected even 
in high salt (2M NaCI) elution. 
3.2.2 GSH affinity column 
As the affinity column could not separate the rbGSTs well (Figure 3.2.2), 
non-specific elution of rbGSTs (Figure 3.2.3) from affinity column was used. 
All rbGSTs were eluted with 10 mM GSH in 50 mM Tris-HCI pH 9.6 in a 
single peak and rbGST isoforms were further separated by FPLC with 
mono-Q column (Figure 3.2.4). 
3.2.3 Mono-Q column 
Table 3.2.1 shows the GST activity during purification steps. From the 
result, rbGSTs were purified about 300 fold by affinity column 
chromatography. Different rbGST isoforms were further separated by 
mono-Q column. Six protein peaks with GST activity were separated and 
assigned as rbGST I to V and rbGST B according to their elution order. 







As different peaks of rbGSTs overlapped to some extent. Thus rbGSTs 
were pooled separately, re-concentrated by ultrafiltration and subjected to 
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Figure 3.2.1 Elution profile of rbGSTs from Sephadex G-25 column. 
(—)Abs 280nm, (- -) GST activity. 
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Figure 3.2.2 Elution profile of rbGSTs from affinity column with 10mM 
GSH in 50mM Tris-HCI, pH 7.0, followed by 10mM GSH in 
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3.3 Determination of molecular mass 
3.3.1 Subunit molecular mass 
From SDS-PAGE (Figure 3.3.1), subunit molecular mass of different 
isoforms were determined. The sun its molecular mass of rbGST I，rbGST II, 
rbGST ill, rbGST IV，rbGST V and rbGST B were 23.0, 23.0, 22.6, 23.2, 23.2 
and 22.2 kDa, respectively. 
3.3.2 Native molecular mass 
Native molecular mass of rbGSTs were determined using cross-linker 
reaction which protects the disulfur bond between subunits. Thus, native 
molecular mass can be determinated even in the denatured condition, SDS-
PAGE of the rbGSTs (Figure 3.3.2) which is previous cross-linked with 
dimethyl su be rim id ate show molecular mass about 45 to 46 kDa. From this 
result, we can deduce that rbGSTs are dimeric protein. 
3.4 Isoelectric point determination 
Isoelectric point (pi) of different rbGSTs were determined by lEF-
PAGE (Figure 3.4.1). The pi of rbGST I to V were 4.96’ 4.93, 4.92, 5.0 and 
4.93 respectively. For rbGST B, four major protein bands with pi 4.44,4.65, 
4.98 and 5.08 were found. This result showed that rbGST I to V were pure 
protein fractions while rbGST B was still a mixture of GST which could not be 
separated by ion exchange chromatography. In addition, all rbGSTs were 
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Figure 3.3.1 SDS-PAGE of different rbGSTs. These fractions were 
prepared as described in section 2.6.1. The gel was 
stained with Comassie blue after electrophoresis. Lane 1, 
molecular weight markers; Lane 2, rbGST I; Lane 3，rbGST 
II; Lane 4, rbGST III; Lane 5，rbGST IV; Lane 6, rbGST V; 
Lane 7，molecular weight markers; Lane 8, rbGST B. 
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I Figure 3.3.2 SDS-PAGE of different cross-linked rbGSTs. Different 
• rbGST isoforms were cross-linked with dimethyl 
I 
suberimidate under conditions described in section 2.6.2 
for 3 h. Silver stain was used to visualize the protein after 
electrophoresis. Lane 1, molecular weight markers; Lane 
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ft 
I 2，rbGST I; Lane 3, rbGST II; Lane 4. rbGST III; Lane 5, 
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Figure 3.3.2 SDS-PAGE of different cross-linked rbGSTs. Different 
rbGST isoforms were cross-linked with dimethyl 
suberimidate under conditions described in section 2.6.2 
for 3 h. Silver stain was used to visualize the protein after 
electrophoresis. Lane 1，molecular weight markers; Lane 
2, rbGST I; Lane 3，rbGST II; Lane 4，rbGST III; Lane 5, 
rbGST IV; Lane 6, rbGST V; Lane 7, rbGST B; Lane 8, 






Q yc; : y ； ‘ ：〜麵;、fklf^鄉; 
‘ ^ Q C ^ … …‘•："•'"-, /如 
Figure 3.4.1 lEF-PAGE of different rbGSTs. Samples were prepared as 
described in section 2.7. After electrophoresis, the gel was 
fixed with TCA first followed by Comassie blue staining. 
Lane 1, pi markers; Lane 2, rbGST I; Lane 3，rbGST II; 
Lane 4，rbGST III; Lane 5，rbGST IV; Lane 6，rbGST V; 
Lane 7，rbGST B; Lane 8，pi markers. 
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Figure 3.5.1 Effect of pH on the rbGST I. The enzyme activity for the 
control was expressed as 100%. Different buffer solutions 
were used; pH 5.5-6.0，100 mM Citrate-200mM sodium 
phosphate buffer ( - • - ) ; pH 6.0-8.5, 100 mM Potassium 
phosphate buffer ( - • - ) ; pH 8.5-9.5, 100 mM Tris-HCI 
buffer ( - • - ) ; pH 9.5-10.5, lOOmM carbonate-bicarbonate 
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Figure 3.5.5 Effect of pH on the rbGST V. 
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Figure 3.5.7 Thermostability of different rbGSTs. The enzyme activity 
for the control was expressed as 100%. rbGST I ( - • - ) ; 
rbGST II ( - • - ) ; rbGST III ( - • - ) ; rbGST IV (-_-); rbGST V 
(-A-)； rbGST B (-•-)• 
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Figure 3.5.8a Lineweaver-Burk plot of rbGST I enzyme activity with 
concentration of GSH (0.25-5mM) at a fixed concentration 
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Figure 3.5.8b Lineweaver-Burk plot of rbGST I enzyme activity with 
concentration of CDNB (0.1-2mM) at a fixed concentration 
of GSH (1mM). 
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Figure 3.5.9a Lineweaver-Burk plot of rbGST II enzyme activity with 
concentration of GSH (0.25-5mM) at a fixed concentration 
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Figure 3.5.9b Lineweaver-Burk plot of rbGST II enzyme activity with 
concentration of CDNB (0.1-2mM) at a fixed concentration 
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Figure 3.5.10a Lineweaver-Burk plot of rbGST III enzyme activity with 
concentration of GSH (0.25-5mM) at a fixed concentration 
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Figure 3.5.10b Lineweaver-Burk plot of rbGST III enzyme activity with 
j concentration of CDNB (0.1-2mM) at a fixed concentration I 
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Figure 3.5.11a Lineweaver-Burk plot of rbGST IV enzyme activity with 
concentration of GSH (0.25-5mM) at a fixed concentration 
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Figure 3.5.11b Lineweaver-Burk plot of rbGST IV enzyme activity with 
concentration of CDNB (0.1-2mM) at a fixed concentration 
of GSH (1mM). 
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Figure 3.5.12a Lineweaver-Burk plot of rbGST V enzyme activity with 
concentration of GSH (0.25-5mM) at a fixed concentration 
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Figure 3.5.12b Lineweaver-Burk plot of rbGST V enzyme activity with 
concentration of CDNB (0.1-2mM) at a fixed concentration 





Isoform Km^ Vmax Km^ Vmax 
rbGST I 0.4 土 0.0365 71.43 士 7.42 0.193 土 0.0115 60.24 士 4.21 
rbGST II 0.28 士 0.0338 54.95 士 3.96 0.5 土 0.0275 58.14 士 2.40 
rbGST III 0.45 士 0.0566 39.53 士 1.68 0.362 士 0.0312 34.48 士 1.65 
rbGST rV 0.346 士 0.0064 33.90 士 2.82 0.656 士 0.155 40.49 士 2.01 
rbGST V 0.412 士 0.11 37.45 士 3.40 0.290 士 0.0528 31.15 士 3.51 
a ： Unit for Km (mM) 
b 
:Unit for Vmax (jamol/min/mg) 
Table 3.5.1 Km and Vmax values for GSH and CDNB of different rbGSTs 
calculated by Lineweaver-Burk plot. 
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Results 
3.5.4 Substrate specificity 
Substrate specificity of different rbGST isoforms were listed in Table 
3.5.2. rbGST I shows the highest substrate activities towards CDNB, DCNB 
and CuHOOH among the other rbGSTs. The highest GSH conjugation with 
NBC and EA were found in rbGST il. When NPB and NPNO were used as 
substrate, no detectable activities were found in all rbGSTs. 
3.5.5 Glutathione peroxidase Activity 
All rbGSTs show activities toward CuHOOH. The results suggest that 
all rbGSTs display glutathione peroxidase activity. Thus, rbGSTs may also 
play an important role in detoxification against toxic products generated 
during oxidative stress and lipid peroxidation. 
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Figure 3.5.13 GST activities of different rbGSTs with CDNB as substrate. 
Assays were done in 0.1 M phosphate buffer pH 7.5 with 
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Figure 3.5.15 GST activities of different rbGSTs with NBC as substrate. 
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Figure 3.5.17 Glutathione peroxidase activities of different rbGSTs with 
CuCOOH as substrate. 




rbGST 1 rbGST II rbGST III rbGST IV rbGST V rbGST B 
CDNB 54.6 土 5.7 52.27 土 2.76 29.2 土 0.62 38.43 ± 1.66 19.27 土 3.64 42.43 ± 2.51 
DCNB 3.33 ±0.25 2.52 ± 0.82 0.26 ± 0.03 0.34 ± 0.14 2.31 士 0.9 0.99 ± 0.06 
NBC 79.26 ±17.78 220.77 ± 17.11 30.45 ± 0.76 35.84 土 6.24 n.d. 32.44 ± 2.68 
EA 23.69 ±5.31 52.86 ±19.84 5.29 ± 0.58 12.28 ± 3.7 41 ‘05 ± 5.21 8.48 ±1.23 
NPB n.d. n.d. n.d. n.d. n.d. n.d. 
NPNO n.d. n.d. n.d. n.d. n.d. n.d. 
CuHOOH 6.41±0.60 2.18±0.80 2.18±0.37 5.16± 0.36 5.12±0.34 1.64±0.09 
Table 3.5.2 Specific activities of different rbGST isoforms using different 
substrates. The activities were expressed in |Limol/min/nng. 
Assays were conducted at 37。C in 0.1M phosphate buffer pH 
7.5. The concentration of the substrates and the measurement 
of absorbance were listed in Table 2.1. 
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3.6 N-terminal amino acid sequence analysis 
N-terminal sequence analysis of rbGST II，rbGST III, rbGST IV and 
rbGST V was conducted for 44，N-terminal blocked, 24 and 30 cycles, 
respectively. For rbGST III，deblocking with method described in section 
2.9.4 was done. Due to the low sequencing yield obtained, only a few cycles 
could be run after deblocking. Nevertheless, it can show that rbGST III was 
blocked by N-acetylated groups. 
The N-terminal amino acid sequences of rbGST II, IV and V were 
aligned (Table 3.6.1) and the percentage identity (Table 3.6.2) was 
calculated. Results show that rbGST II and V have high sequence identity 
(88%), and both rbGST Ii and V have about 60% sequence identity when 
compare with rbGST IV. 
The N-terminal sequences of rbGST II, IV and V were searched 
against non-redundant SwissProt sequence database by the BLAST method. 
The sequence of rbGST II gave 35 BLAST hits with sequences producing 
significant alignments (Table 3.6.3). The 30 hits out of 35 were GSTs from 
different sources and the remaining 5 were S-Crystallin. It is believed that 
the peptide belongs to the non-function form of GST. For rbGST IV，7 GSTs 
(Table 3.6.4) were matched while rbGST V sequence produced significant 




rbGST II T K Y T L T Y F D V E A L G E P I R M L L S Y G N L E F 
rbGST IV P E Y K I Q Y F N V K A L A E P L R F L L S Y K 
rbGST V P Q P Q _ Y T L T Y F N V Q A L G E P I ^ M L L Y G N L E F 
Table 3.6.1 The N-terminal amino acid sequence of rbGST II，IV and V. 





1 . • . 1 I --
Results 
rbGST V rbGST IV rbGST II 
rbGST II 88% 62% 100% 
rbGST IV 61% 100% 
rbGST V 100% 
Table 3.6.2 Comparison of the amino acid sequence similarity of rbGST II， 
'lV and V. 
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N-terminal sequences Class Identities Positives 
rbGST II 1 T K Y T L T Y F D V E A L G E P I R M L L S Y G N L E F T D N R - D Y E K D - A K F - A 4 4 
Africa malaria mosquito GST 3 YKVYYFNVKALGEPLRFLLSYGNLPFDDVR 32 Sigma 66% 79% 
German cockroach GST 3 YKLTYCPVKALGEPIRFLLSYGEKDFEDYRFQEGD 37 Sigma 62% 67% 
House fly GST 3 Y T L F Y F N V K A L A E P L R Y L F A Y G G I E Y E D V R 32 S igma 56% 76% 
Pig roundworm GST 1 2 Q Y K L T Y F D I R G L G E G A R L I F H Q A G V K F E D N R L K R E D 37 S igma 41% 60% 
Onchocerca volvulus GST I 2 KYTLTYFNGRGRAEVIRLLFALANVSYEDNRITRDEWKY 40 41% 58% 
Dirofilana immitis GST 3 YKLTYFPIRGLAEPIRLLLVDQGIKFTD 30 Pi 53% 67% 
Onchocerca volvulus GST 2 3 YKLTYFSIRGLAEPIRLFLVDQDIKFIDDRIAKDD 37 Pi 42% 62% 
Caenorhabditis elegans GSTP 5 LTYFDIHGLAEPIRLLLADKQVAYEDHR 32 Pi 50% 71% 
Dermatophagoidespteronyssinus GST 5 LGYWDIRGYAQPIRLLLTYSGVDFVDKR 32 Mu 42% 67% 
Orcyctolagus cuniculus GST Mu 1 4 TLGYWDVRGLALPIRMLLEYTDTSYEEKKYTMGDA 38 Mu 42% 56% 
Caenorhabditis elegans GSTR03D7.6 3 YKLTYFNGRGAGEVSRQIFAYAGQQYEDNR 32 Alpha 40% 56% 
Shane's S-Crystallin SL18 2 KYTLYYFNSRGRAEICRMLFAAANIPYNDVRIDYSE 36 41% 54% 
Schistosomajaponicum GST28KD 5 LIYFNGRGRAEPIRMILVAAGVEFEDER 32 46% 56% 
House mouse GST 5 4 TLGYWDIRGLAHAIRLLLEYTDTSYEDKKYTMGDA 38 Mu 37% 54% 
Cavia porcellus GST B 4 TLGYWNIRGLTHPIRLLLEYTNSGYEEKRYNMGDA 38 Mu 37% 57% 
LiverJluke GST26KD I 5 LGYWKIRGLQQPVRLLLEYG--EKYEEQIYERD 37 Alpha 39% 63% 
Shane's squid S-Crystallin SL20-! 3 YTLY YFNGRGRAEICRMIMAAAGVQYTDKR 32 40% 60% 
Norway rat GST YC2 2 KPVLH Y F D G R G R M E P I R W L L A A A G V E F E E N 31 Alpha 46% 56% 
Norway rat GST YB3 4 T L G Y W D I R G L A H A I R L L L E Y T D S S Y E E K R Y T M G D A 38 Mu 37% 54% 
House mouse GST U'l^. 7 5 LGYWN VRGLTHPIRMLLEYTDSSYDEKRYTMGDA 38 Mu 41% 55% 
Tobaccohornworm GST 2 2 KVVFH Y F G A K G W A R P T - M L L A Y G G Q E F E D H R V E Y E Q W P E F 40 S igma 40% 55% 
Caenorhabditis degans GST R07B 1.4 1 YFDVRGRGEAIRLLFHLADEKFDDER 32 Sigma 46% 57% 
Norway rat GST YB2 4 TLGYWDIRGLAHAIRLFLEYTDTSYEDKKYSMGDA 38 Mu 34% 51% 
Human GST Mu 5 4 T L G Y W D I R G L A H A I R L L L E Y T D S S YVEKK Y T M G D A 38 Mu 34% 54% 
Gloden hamster GST 4 TLGYWDIRGLAHAIRLLLEYTDTSYEEKKYTMGDA 38 Mu 34% 54% 
Chicken GST CL2 4 TLGYWDIRGLAHAIRLLLEYTETPYQERR 32 Mu 37% 54% 
Norway rat GST YBl 5 LGYWNVRGLTHPIRLLLEYTDSSYEEKRYAMGDA 38 Mu 38% 55% 
Human GST Mu 4 4 TLGYWDIRGLAHAIRLLLEYTDSSYEEKKYTMGDA 38 Mu 34% 54% 
Octopus dofleini S-Crystallin OLI 3 YTLNYFNHRGRAEICRMLFAAAGVQYNDRR 32 36% 52% 
Octopus dofleini S-Crystallin 0L2 3 YTLNYFNHRGRAEICRMLFAAAGVQYNDRR 32 36% 52% 
House mouse GST Mu 3 5 LGYWDIRGLAHAIRMLLEFTDTSYEEKRYICGEAPDYDRSOWLDVKF 4 Mu 31% 48% 
Pig roundworm GST 2 3 Y K V T Y F A I R G L A E P I X L L L 21 S igma 5 2 % 6 7 % 
Sloane's squid S-Crystallin SLl 1 3 YTLYYFNGRGRAEICRMLFAVASVQYQDKR 32 36% 56% 
Shane's squid GST 2 KYTLHYFPLMGRAELCRFVLAAHGEEFTD 30 Sigma 44% 54% 
Norway rat GST YCl 2 K P V L H Y F D G R G R M E P I R W L L A A A G V E F E E 30 Alpha 44% 54% 
House mouse GST YC 2 KPVLHYFDGRGRMEPIRWLLAAAGVEFEE 30 Alpha 44% 54% 
Table 3.6.3 Sequence match of rbGST II by the BLAST search with non-
redundant SwissPort sequences database. The number in 
front and behind of the sequence indicated the sequence start 
and end matching with rbGST II’ respectively. 
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N-terminal sequences Class Identities Positives 
rbGST IV 1 PEYKIQYFNVKALAEPLRFLLSYK 24 
Africa malaria mosquito GST 1 PDYKVYYFNVKALGEPLRFLLSY 23 Sigma 82% 90% 
German cockroach GST 1 PSYKLTYCPVKALGEPIRFLLSY 23 Sigma 69% 77% 
Housefly GST 3 YTLFYFNVKALAEPLRYLFAY 23 Sigma 71% 85% 
Chicken GST CL5 I PNYKLTYFNLRGRAEISRYLFAY 23 Sigma 47% 68% 
Dirofilaria immitis GST 3 YKLTYFPIRGLAEPIRLLL 21 Pi 57% 78% 
Onchocerca volvulus GST2 3 YKLTYFSIRGLAEPIRLFL 21 Pi 52% 78% 
Caenorhabditis elegans GST P 4 LTYFDIHGLAEPIRLLLADK 24 Pi 52% 75% 
Pi^ roundworm GST 2 3 YKVTYFAIRGLAEPIXLLL 21 Sigma 52% 73% 
Table 3.6.4 Sequence match of rbGST IV by the BLAST search with non-
redundant SwissPort sequences database. 
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N-terminal sequences Class Identities Positives 
rbGST V 1 PQPQYTLTYFNVQALGEPIRMLLYYGNLEF 30 
Africa malaria mosquito GST 3 PDYKVYYFNVKALGEPLRFLLSYGNLPF 30 Sigma 67% 77% 
German cockroach GST 3 PSYKLTYCPVKALGEPIRFLLSYGEKDF 30 Sigma 64% 71% 
House fly GST 5 YTLFYFNVKALAEPLRYLFAYGGIEY 30 Sigma 61% 76% 
Pig roundworm GST I 3 PQYKLTYFDIRGLGEGARLIFHQAGVKF 30 Sigma 42% 70% 
Dirofilaria immitis GST 5 YKLTYFPIRGLAEPIRLLLVDQGIKF 30 Pi 50% 69% 
Onchocerca volvulus GST 2 5 YKLTYFSIRGLAEPIRLFLVDQDIKF 30 Pi 46% 72% 
Onchocerca volvulus GST I 2 QPQMEKYTLTYFNGRGRAEVIRLLFALANVSY 30 46% 58% 
Gould's flying squid Crystallin SIII 1 PAPNYTLYYFNGRGRAEILRMLFAAAGQKF 30 43% 53% 
Caenorhabditis elegans GST P 7 LTYFDIHGLAEPIRLLL 23 Pi 64% 81% 
Cavia porcellus GST B 6 TLGYWNIRGLTHPIRLILEYTN 27 Mu 50% 72% 
Chicken GST CL5 3 PNYKLTYFNLRGRAEISRYLFAYAGIKY 30 Sigma 47% 68% 
Shane's S-Crystallin SL18 3 PKYTLYYFNSRGRAEICRMLFAAANIPY 30 42% 56% 
Schistosomajaponicum GST28KD 7 LIYFNGRGRAEPIRMILVAAGVEF 30 50% 62% 
Pig Susscrofa GST P 3 PPYTITYFPVRGRCEAMRMLL 23 Pi 57% 71% 
Bostaunis GST P 3 PPYTIVYFPVQGRCEAMRMLL 23 Pi 57% 66% 
Dermatophasoides pteronvssinus GST 4 QPILGYWDIRGYAQPIRLLLTYSGVDF 30 Mu 37% 66% 
Orcyctolagus cuniculus GST Mu 1 6 TLGYWDVRGLALPIRMLLEYTDTSY 30 Mu 48% 68% 
House mouse GST GTS. 7 1 LGYWNVRGLTHPIRMLLEY 25 Mu 63% 73% 
Pig roundworm GST 2 5 YKVTYFAIRGLAEPIXLLL 23 Sigma 52% 73% 
Octopus dofleini S-Crystallin 0L2 3 PSYTLNYFNHRGRAEICRMLFAAAGVQY 30 39% 53% 
Shane's squid S-Crystallin SL20-1 3 PNYTLYYFNGRGRAEICRMIMAAAGVQY 30 39% 56% 
Shane's squid S-Crystallin SLll 3 PSYTLYYFNGRGRAEICRMLFAVASVQY 30 39% 56% 
Octopus dojleini S-Crystallin OLl 3 PSYTLNYFNHRGRAEICRMLFAAAGVQY 30 39% 53% 
Caenorhabditis elegans GSTR07BL4 3 PHFKFYYFDVRGRGEAIRLLFHLADEKF 30 Sigma 35% 60% 
Table 5.6.5 Sequence match of rbGST V by the BLAST search with non-
redundant SwissPort sequences database. 
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Chapter four Discussion 
4.1 GST in different subcellular fractions 
GSTs have been found in different subcellular fractions including 
mitochondria (Pemble et al., 1996)，microsomes (Monicha et al., 1996; 
Sukhdeep et al., 1996; Miyuki et al., 1996) and cytosol (Martinez et al., 1997; 
Alin et al., 1986). In the present study, different subcellular fractions were 
obtained from red bloodworm by differentia丨 centrifugation. GST activity of 
the mitochondria丨，microsomal and cytosolic fractions obtained were assayed 
with GSH and CDNB. Results show that no detectable level of GST was 
present in both mitochondrial and microsomal fractions. In contrast, 
significant GST activity (0.1269 |amol/min/mg) was measured in the cytosolic 
fractions. 
The undetectable GST activity in mitochondrial and microsomal fractions 
may not actually reflect that there is no GST present as age-dependent 
alteration of GST activities has been demonstrated in both vertebrates 
(Gregus et al., 1985; Fujita et al” 1985) and invertebrates (Hazelton and 
Lang, 1983; Kotze and Rose, 1987; Wood et al” 1986; Kostaropoulos et al., 
1996). Grant and Matsumura (1989) also reported a change in the amount 
of GST-1 protein relative to the total protein amount in the larval and pupal 
stages of Aedes aegypti: Therefore,, it can be concluded that there were no 
expressions of both mitochondrial and microsomal GSTs in red bloodworm. 
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4.2 Purification of cytosolic GST 
In order to further characterize the cytosolic GSTs, purification of the 
enzyme was carried out. Whole red bloodworms were used for the 
purification of GSTs, in preference to selected tissues, as the location of 
detoxication enzymes in red bloodworm is presently unknown and may not 
concentrate in one tissue. Also, the small size of red bloodworm makes 
dissection and subsequent tissue processing difficult. The use of whole 
bloodworms may result in contamination with proteins from the gut symbionts. 
However, the symbiont proteins would not contaminate the bloodworm 
proteins in the end of the purification procedures. 
In the present study, cytosolic GSTs were purified from red bloodworm 
(Chironomidae larvae), which have not ever been reported. A series of 
centrifugation and chromatographic methods was employed in the 
purification scheme, including size exclusion chromatography on sephadex 
G25 gel, affinity chromatography on glutathione affinity gel and 
anion-exchange chromatography on Mono-Q. 
Sephadex G25 chromatography yielded a good recovery of GST activity 
(84% to 95%). Similar results have been reported in several other 
Investigations (Clark, 1989) and may be due to inhibitors present in the 
cytosolic extracts (Clark, 1989). GSTs were purified by up to 314-fold from 
the cytosol of whole red bloodworms using GSH-affinity chromatography. 
There was consistent loss of CDNB activity from cytosol fractions during that 
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procedure. The loss occurred despite loading cytosol at low flow rates and 
decreased volume of cytosol loaded. Similar losses of activity was 
observed in affinity purification of other insect GSTs such as Termites, 
Spodoptera littoralis and diamondback moth (Haritos et al., 1996; Chiang and 
Sun, 1993; Lagadic et al., 1993). Red bloodworm GSTs that elute in the 
general protein wash were either weakly associated with the GSH matrix or 
were displaced from the column due to the large amount of protein loaded 
compared with the amount of GST. 
Subsequently, the affinity purified GST-containing fractions were 
subjected to anion exchange chromatography using mono Q column. This 
resulted in the partial resolution of six protein peaks with GST activity which 
was measured with GSH and CDNB as substrate. The six peaks were 
pooled separately, re-concentrated by ultrafiltration and re-applied to mono Q 
column to obtain pure fractions. The six peaks were marked according to 
their elution order as rbGST I to V and rbGST B. The characteristic of the 
purified rbGSTs were investigated by SDS-PAGE, lEF-PAGE and different 
enzymatic assays. Finally, the N-terminal sequence of rbGST II，III, IV and 
V were determined by Edman degradation. The results indicate that the 
isolated rbGSTs shows similar N-terminal sequence with other GSTs in 
SwissProt protein database. 
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4.3 Physical properties 
4.3.1 Subunit molecular mass 
As determined from SDS-PAGE, the subunits molecular mass of rbGST I， 
rbGST II, rbGST ill, rbGST IV，rbGST V and rbGST B were 23.0，23.0，22.6, 
23.2, 23.2 and 22.2 kDa, respectively. The molecular mass of subunit of 
rbGSTs fell within the reported non-vertebrate molecular weight between 
about 20 to 27 kDa. The protein band of rbGST B seems to include a 
cluster of similar proteins rather that a single protein band. This assumption 
was proved by lEF-PAGE which resolved four major proteins. 
4.3.2 Native molecular mass 
Cytosolic GSTs were dimeric protein linked by disulfur bond. With the 
usage of a cross-linker dimethyl suberimidate which protects the disulfur 
bond between protein molecules. The native molecular mass can be 
determined even in denatured condition. SDS-PAGE analysis of rbGSTs 
cross-linked with dimethyl suberimidate showed there were major protein 
bands around 45 kDa. From the result, we can deduce that rbGSTs, same 
as other cytosolic GSTs, were dimeric protein linked by disulfur bond. The 
wide protein bands detected in the SDS-PAGE may be due to denaturation of 
the cross-linked rbGSTs at 65°C. 
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4.3.3 Isoelectric point 
The pi of rbGSTs I to V were 4.96，4.93，4.92, 5.0 and 4.93，respectively. 
For rbGST B, four major protein band with pi 4.44，4.65，4.98 and 5.08 were 
found. This results show that all rbGSTs were acidic protein and rbGST B is 
still a mixture of protein. 
To conclude, rbGSTs are group of proteins with extremely similar 
molecular mass, subunit molecular mass and pi. It is likely that all the 
proteins in rbGST B belong to rbGST as based on SDS-PAGE purity check. 
Only one major protein band about 22.2 kDa was found. This protein fell 
within the subunit molecular mass of GST. In order to prove that, further 
separation should be done. As the pi values of proteins in rbGST B were 
very close, it is impossible to separate them by chromatofocusing. 
Therefore, hydrophobic interaction chromatography could be used in the 
future. 
4.4 Kinetic properties 
4.4.1 Optimum pH 
The optimum pH for the enzyme activities of rbGST I to V and rbGST B 
「 I 人 ‘ • ——.rr 
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was 8.0，9.5，7.5-8.0, 7.5-8.0, 9.0 and 8.0, respectively. The pH optimum : 
• 
values of GST activity towards CDNB, determined in the present study, are 
well within the range of pH optima observed among Invertebrates. It is also 
worth noting the significant tevels of CDNB coniugating activity within a wide 
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pH range (6-9). This finding strongly suggests that GSTs in red bloodworm 
permit quite high rates of detoxification even at pH values 1 or 2 units from 
their pH optimum. This means that even if there is a shift for any reason in 
the intracellular pH of the insect, it is still capable of detoxifying at a rather 
sufficient rate. 
4.4.2 Thermostability 
The thermostability of the enzymes were investigated by incubation of 
the enzymes at various temperatures for 10 min. The enzymes were fairly 
stable at temperatures up to 40°C. Above 50°C, its activities declined 
rapidly as the temperature increased. 
4.4.3 Km and Vmax 
The Km values of rbGSTs lied in the range 0.28-0.45mM. This result 
suggests that rbGSTs acts closely to a state of saturation with respect to 
GSH. The concentrations of this compound is likely to be encountered in 
vivo being in the range 0.5-10mM (Saleh et al.’ 1978; Kosower and Kosower, 
1978; Pennickx and Jasper, 1982). The similar Km values also suggest the 
possibility that rbGSTs have a common mode of binding glutathione. The 
Km and Vmax values for GSH and CDNB of rbGSTs were in general 
agreement with published values of other GSTs (Aceto et al” 1993; Bartling 
et al” 1993; Hahn and Strittmatter’ 1994; Kong et al” 1997). 
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4.4.4 Substrate specificity 
Substrate specificity of different rbGST isoforms were measured with 
0.1 M phosphate buffer, pH 7.5. All rbGSTs exert significant glutathione 
conjugation with CDNB at this pH. In addition, the assay temperature was 
increased from 25°C to 37°C in order to increase the rate of glutathione 
conjugation for detecting GSTs activity with different substrates. The 
usefulness of measuring GST activity towards different substrate is based on 
the fact that different GST isoenzymes express differently with overlapping 
substrate specificities. Thus, different activity patterns against two or more 
substrates are indicative of the existence of multiple isoenzymic forms. 
Based on the results, different rbGSTs express different substrates activities. 
This phenomenon furthers support that GST exists in multiple isoforms in red 
bloodworm. 
4.4.5 Glutathione peroxidase activity 
The purified rbGSTs showed selenium-independent glutathione 
peroxidase activity when cumene hydroperoxide was used as substrate. 
This property demonstrates that rbGSTs in red bloodworm play a role in 




4.5 N-terminal amino acid sequence analysis 
The results strongly support that red bloodworm GSTs exist in multiple 
isoforms. As only single peak (data not shown) was found in each cycle of 
N-terminal sequence analysis. It is believed that rbGST II’ rbGST IV and 
rbGST V are homodimeric protein with two identical subunit. According to 
sequence percentage identity (>60%), rbGST 11，IV and V probably belong to 
the same class of insect GST. 
Based on the BLAST sequence search, the first three sequences match 
of rbGST II, IV and V were the same. They are africa malaria mosquito GST, 
german cockroach GST and house fly GST respectively. All the three 
matched belong to insect class II GST and mammalian Sigma class GST. 
Therefore, rbGST II, IV and V belong to the insect class 2 GST and 
mammalian Sigma class GST. However, such results are only based on the 
first 24 to 44 N-terminal amino acids, which account for about 10 to 20% of 
the full amino acid sequence. 
To classify rbGSTs , the full length sequence should be done in the 
future and the N-terminal sequence analysis of the rbGST II, IV and V can be 
used as convenient and reliable reference for designing primer in PGR --
amplification of the mRNA to encode the GST Then cDNA can be 
constructed. The full length sequence can be easily obtained as GST only 




All in ail, the red bloodworm expresses multiple isoforms of cytosolic GST, 
which show different and overlapping substrate specificites. Besides 
detoxifying toxic metabolites and xenobiotics, the red bloodworm cytosolic 
GSTs also exert selenium-independent glutathione peroxidase which may 
play an important role in protecting the red bloodworm from oxidative stress. 
Finally, the red bloodworm cytosolic GSTs were characterized to belong to the 
insect cytosolic GSTs by comparing with the N-terminal amino acid sequence. 
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